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AI and Deep Learning are Revolutionizing our Society

Manufacturing

Logistics

Smart Devices

Malware Detection

Autonomous Driving
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Deep Learning Systems are Error-prone and Vulnerable

* [Szegedy Zaremba Sutskever Bruna Erhan Goodfellow Fergus 2013], [Biggio Corona Maiorca Nelson Srndic Laskov Giacinto Roli 2013]

Quality assurance is in urgent need 

Targeted Adversarial Inputs

Manual Object Tampering

Weaknesses Consequences



Inspire Intelligence of Future
TRAICO Labs
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From Traditional Software to Deep Learning

Traditional Software and DL Software
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Traditional Software vs Deep Learning Software

Traditional Software Deep Learning System

Decision Logic:
• Form of code

Decision Logic:
• The structure of DNN
• The connection weights
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Typical DL Development and Deployment Lifecycle

Incorrect decision
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Even more Challenging Issues during Deployment 

A Perfect DNN
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Full Stack Automated Testing and Analysis Solutions

DeepMutation (ASE’20)
Uncertainty (ICSE’20)

PathCoverage(TOSEM’21)
DeepHunter (ISSTA’19)

DeepStellar (ESEC/FSE’19)

DeepRepair (TR’20)
RNNRepair (ICML’21)

DiffChaser (IJCAI’19)
Audee (ASE’20)



Neuron Path Coverage via Characterizing 
Decision Logic of Deep Neural Networks

(TOSEM 2021)
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Test Quality Measurement: Structural Coverage Criteria

Structural DNN Coverage Criteria
• Neuron Coverage (SOSP’17)
• DeepGauge (ASE’18) - KMNC, NBC, SNAC, TKNC
• DeepCT (SANER’18)
• …

Traditional Code Coverage Criteria
• Line Coverage

• Branch Coverage

• Function Coverage

• Path Coverage
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Motivation
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Semantics of DNN Decision – Critical Paths
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Overview
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Neuron Path Coverage

• Structure-based Neuron Path Coverage (SNPC)
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Neuron Path Coverage

• Activation-based Neuron Path Coverage (ANPC)

x’ is the training sample that is the closest one to x in the cluster j
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Evaluation 1 – Effectiveness of Path Abstraction
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Evaluation 1 – Examples
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Evaluation 2 – Sensitivity with Defect Detection
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Evaluation 3 – Correlation with Output Impartiality

*Harel-Canada, Fabrice, Lingxiao Wang, Muhammad Ali Gulzar, Quanquan Gu, and Miryung Kim. "Is neuron coverage a meaningful measure for testing deep neural 
networks?." ESEC/FSE pp. 851-862. 2020.



Model-Based Quantitative Analysis of Stateful 
Deep Learning Systems

(ESEC/FSE’19)
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Recurrent Neural Networks for Sequential Data

Sentiment Analysis

Video Activity Recognition

State Vectors
!"#

!" #

h0 -> h1 -> h2 -> h3

Internal state transition:

“I love music”
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RNN is different with FNN

Hidden State Input of length 

3

Input of length 
5

h0 -> h1 -> h2 -> h3
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Build Abstract Model for RNN

PCA – taking 
the k most 
principal 

components

Training
data

Profiling k-dimTraces of 
states

(high dim)

Key insight: the logic of DNN is determined by the training data.

Build an abstract model by observing behaviors of RNN on training data.

Abstraction
Abstract
Model

Adversarial Detection

Application RNN Testing

Robustness Analysis

Model Explanation

RNN Repair

……

h0 -> h1 -> h2 -> h3

ASE’20

FSE’19

AAAI’21

ICML’21

Backdoor Detection TIFS’21
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Abstracted as Discrete-Time Markov Chain (ESEC/FSE’19)

m-split
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t3
<latexit sha1_base64="e4+HeXCuxzrDDavXr90Djw4l9jI=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxgv2ANpTNdtMu3WzS3YlQQv+EFw+KePXvePPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjO5m9dYT10bE6hEnCfcjOlAiFIyitdrdIMxw2rvslStu1Z2LrIKXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvm01E0NTygb0QHvWFQ04sbP5vtOyZl1+iSMtX0Kydz9PZHRyJhJFNjOiOLQLNdm5n+1TorhjZ8JlaTIFVt8FKaSYExmx5O+0JyhnFigTAu7K2FDqilDG1HJhuAtn7wKzYuqZ/nhqlK7zeMowgmcwjl4cA01uIc6NICBhGd4hTdn7Lw4787HorXg5DPH8EfO5w/+A4/s</latexit><latexit sha1_base64="e4+HeXCuxzrDDavXr90Djw4l9jI=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxgv2ANpTNdtMu3WzS3YlQQv+EFw+KePXvePPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjO5m9dYT10bE6hEnCfcjOlAiFIyitdrdIMxw2rvslStu1Z2LrIKXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvm01E0NTygb0QHvWFQ04sbP5vtOyZl1+iSMtX0Kydz9PZHRyJhJFNjOiOLQLNdm5n+1TorhjZ8JlaTIFVt8FKaSYExmx5O+0JyhnFigTAu7K2FDqilDG1HJhuAtn7wKzYuqZ/nhqlK7zeMowgmcwjl4cA01uIc6NICBhGd4hTdn7Lw4787HorXg5DPH8EfO5w/+A4/s</latexit><latexit sha1_base64="e4+HeXCuxzrDDavXr90Djw4l9jI=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxgv2ANpTNdtMu3WzS3YlQQv+EFw+KePXvePPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjO5m9dYT10bE6hEnCfcjOlAiFIyitdrdIMxw2rvslStu1Z2LrIKXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvm01E0NTygb0QHvWFQ04sbP5vtOyZl1+iSMtX0Kydz9PZHRyJhJFNjOiOLQLNdm5n+1TorhjZ8JlaTIFVt8FKaSYExmx5O+0JyhnFigTAu7K2FDqilDG1HJhuAtn7wKzYuqZ/nhqlK7zeMowgmcwjl4cA01uIc6NICBhGd4hTdn7Lw4787HorXg5DPH8EfO5w/+A4/s</latexit><latexit sha1_base64="e4+HeXCuxzrDDavXr90Djw4l9jI=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxgv2ANpTNdtMu3WzS3YlQQv+EFw+KePXvePPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjO5m9dYT10bE6hEnCfcjOlAiFIyitdrdIMxw2rvslStu1Z2LrIKXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvm01E0NTygb0QHvWFQ04sbP5vtOyZl1+iSMtX0Kydz9PZHRyJhJFNjOiOLQLNdm5n+1TorhjZ8JlaTIFVt8FKaSYExmx5O+0JyhnFigTAu7K2FDqilDG1HJhuAtn7wKzYuqZ/nhqlK7zeMowgmcwjl4cA01uIc6NICBhGd4hTdn7Lw4787HorXg5DPH8EfO5w/+A4/s</latexit>

ŝ0
<latexit sha1_base64="Voz8+sfuHGCt87KrdCVHqyKUNaY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg667E7opjZac/vlSt+1Z+LrEKQQwVy1Xvlr24/ZqniGpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HGqquA2z+cJTcuacPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVRyIQTLJ69C86IaOL6/rNRu8jiKcAKncA4BXEEN7qAODWCg4Ble4c0z3ov37n0sWgtePnMMf+R9/gDRuZBn</latexit><latexit sha1_base64="Voz8+sfuHGCt87KrdCVHqyKUNaY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg667E7opjZac/vlSt+1Z+LrEKQQwVy1Xvlr24/ZqniGpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HGqquA2z+cJTcuacPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVRyIQTLJ69C86IaOL6/rNRu8jiKcAKncA4BXEEN7qAODWCg4Ble4c0z3ov37n0sWgtePnMMf+R9/gDRuZBn</latexit><latexit sha1_base64="Voz8+sfuHGCt87KrdCVHqyKUNaY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg667E7opjZac/vlSt+1Z+LrEKQQwVy1Xvlr24/ZqniGpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HGqquA2z+cJTcuacPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVRyIQTLJ69C86IaOL6/rNRu8jiKcAKncA4BXEEN7qAODWCg4Ble4c0z3ov37n0sWgtePnMMf+R9/gDRuZBn</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="n7gE7Cq/3kMQHJJYLVzJCH9i2cQ=">AAAB5XicbZBLSwMxFIXv1FetVatbN8EiuCoZN7oU3LisYB/SDiWTZtrQJDMkd4Qy9Fe4caGIf8md/8b0sdDWA4GPcxJy74kzJR1S+h2UtrZ3dvfK+5WD6uHRce2k2nZpbrlo8VSlthszJ5Q0ooUSlehmVjAdK9GJJ3fzvPMsrJOpecRpJiLNRkYmkjP01lN/zLBwswEd1Oq0QRcimxCuoA4rNQe1r/4w5bkWBrlizvVCmmFUMIuSKzGr9HMnMsYnbCR6Hg3TwkXFYuAZufDOkCSp9ccgWbi/XxRMOzfVsb+pGY7dejY3/8t6OSY3USFNlqMwfPlRkiuCKZlvT4bSCo5q6oFxK/2shI+ZZRx9RxVfQri+8ia0rxqh5wcKZTiDc7iEEK7hFu6hCS3goOEF3uA9sMFr8LGsqxSsejuFPwo+fwCY6o8M</latexit><latexit sha1_base64="n7gE7Cq/3kMQHJJYLVzJCH9i2cQ=">AAAB5XicbZBLSwMxFIXv1FetVatbN8EiuCoZN7oU3LisYB/SDiWTZtrQJDMkd4Qy9Fe4caGIf8md/8b0sdDWA4GPcxJy74kzJR1S+h2UtrZ3dvfK+5WD6uHRce2k2nZpbrlo8VSlthszJ5Q0ooUSlehmVjAdK9GJJ3fzvPMsrJOpecRpJiLNRkYmkjP01lN/zLBwswEd1Oq0QRcimxCuoA4rNQe1r/4w5bkWBrlizvVCmmFUMIuSKzGr9HMnMsYnbCR6Hg3TwkXFYuAZufDOkCSp9ccgWbi/XxRMOzfVsb+pGY7dejY3/8t6OSY3USFNlqMwfPlRkiuCKZlvT4bSCo5q6oFxK/2shI+ZZRx9RxVfQri+8ia0rxqh5wcKZTiDc7iEEK7hFu6hCS3goOEF3uA9sMFr8LGsqxSsejuFPwo+fwCY6o8M</latexit><latexit sha1_base64="sfBfFOrr483jlRYwBvT+aEL/vOA=">AAAB8HicbZBNTwIxEIZn8QvxC/XopZGYeCK7XvRI9OIREwENbEi3dKGh7W7aWROy4Vd48aAxXv053vw3FtiDgm/S5Mk7M+nMG6VSWPT9b6+0tr6xuVXeruzs7u0fVA+P2jbJDOMtlsjEPETUcik0b6FAyR9Sw6mKJO9E45tZvfPEjRWJvsdJykNFh1rEglF01mNvRDG3077fr9b8uj8XWYWggBoUavarX71BwjLFNTJJre0GfophTg0KJvm00sssTykb0yHvOtRUcRvm84Wn5Mw5AxInxj2NZO7+nsipsnaiItepKI7scm1m/lfrZhhfhbnQaYZcs8VHcSYJJmR2PRkIwxnKiQPKjHC7EjaihjJ0GVVcCMHyyavQvqgHju/8WuO6iKMMJ3AK5xDAJTTgFprQAgYKnuEV3jzjvXjv3seiteQVM8fwR97nD9B5kGM=</latexit><latexit sha1_base64="Voz8+sfuHGCt87KrdCVHqyKUNaY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg667E7opjZac/vlSt+1Z+LrEKQQwVy1Xvlr24/ZqniGpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HGqquA2z+cJTcuacPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVRyIQTLJ69C86IaOL6/rNRu8jiKcAKncA4BXEEN7qAODWCg4Ble4c0z3ov37n0sWgtePnMMf+R9/gDRuZBn</latexit><latexit sha1_base64="Voz8+sfuHGCt87KrdCVHqyKUNaY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg667E7opjZac/vlSt+1Z+LrEKQQwVy1Xvlr24/ZqniGpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HGqquA2z+cJTcuacPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVRyIQTLJ69C86IaOL6/rNRu8jiKcAKncA4BXEEN7qAODWCg4Ble4c0z3ov37n0sWgtePnMMf+R9/gDRuZBn</latexit><latexit sha1_base64="Voz8+sfuHGCt87KrdCVHqyKUNaY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg667E7opjZac/vlSt+1Z+LrEKQQwVy1Xvlr24/ZqniGpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HGqquA2z+cJTcuacPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVRyIQTLJ69C86IaOL6/rNRu8jiKcAKncA4BXEEN7qAODWCg4Ble4c0z3ov37n0sWgtePnMMf+R9/gDRuZBn</latexit><latexit sha1_base64="Voz8+sfuHGCt87KrdCVHqyKUNaY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg667E7opjZac/vlSt+1Z+LrEKQQwVy1Xvlr24/ZqniGpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HGqquA2z+cJTcuacPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVRyIQTLJ69C86IaOL6/rNRu8jiKcAKncA4BXEEN7qAODWCg4Ble4c0z3ov37n0sWgtePnMMf+R9/gDRuZBn</latexit><latexit sha1_base64="Voz8+sfuHGCt87KrdCVHqyKUNaY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg667E7opjZac/vlSt+1Z+LrEKQQwVy1Xvlr24/ZqniGpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HGqquA2z+cJTcuacPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVRyIQTLJ69C86IaOL6/rNRu8jiKcAKncA4BXEEN7qAODWCg4Ble4c0z3ov37n0sWgtePnMMf+R9/gDRuZBn</latexit><latexit sha1_base64="Voz8+sfuHGCt87KrdCVHqyKUNaY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg667E7opjZac/vlSt+1Z+LrEKQQwVy1Xvlr24/ZqniGpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HGqquA2z+cJTcuacPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVRyIQTLJ69C86IaOL6/rNRu8jiKcAKncA4BXEEN7qAODWCg4Ble4c0z3ov37n0sWgtePnMMf+R9/gDRuZBn</latexit>

ŝ1
<latexit sha1_base64="CwDA/KaHmbSikjCS0Xxhh703Hyc=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg667E7opjZaS/olSt+1Z+LrEKQQwVy1Xvlr24/ZqniGpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HGqquA2z+cJTcuacPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVRyIQTLJ69C86IaOL6/rNRu8jiKcAKncA4BXEEN7qAODWCg4Ble4c0z3ov37n0sWgtePnMMf+R9/gDTPZBo</latexit><latexit sha1_base64="CwDA/KaHmbSikjCS0Xxhh703Hyc=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg667E7opjZaS/olSt+1Z+LrEKQQwVy1Xvlr24/ZqniGpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HGqquA2z+cJTcuacPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVRyIQTLJ69C86IaOL6/rNRu8jiKcAKncA4BXEEN7qAODWCg4Ble4c0z3ov37n0sWgtePnMMf+R9/gDTPZBo</latexit><latexit sha1_base64="CwDA/KaHmbSikjCS0Xxhh703Hyc=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg667E7opjZaS/olSt+1Z+LrEKQQwVy1Xvlr24/ZqniGpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HGqquA2z+cJTcuacPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVRyIQTLJ69C86IaOL6/rNRu8jiKcAKncA4BXEEN7qAODWCg4Ble4c0z3ov37n0sWgtePnMMf+R9/gDTPZBo</latexit><latexit sha1_base64="CwDA/KaHmbSikjCS0Xxhh703Hyc=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg667E7opjZaS/olSt+1Z+LrEKQQwVy1Xvlr24/ZqniGpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HGqquA2z+cJTcuacPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVRyIQTLJ69C86IaOL6/rNRu8jiKcAKncA4BXEEN7qAODWCg4Ble4c0z3ov37n0sWgtePnMMf+R9/gDTPZBo</latexit>

ŝ2
<latexit sha1_base64="Z6T4SX73i1UO/WvGAiIZsweIERI=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv2QdinZNG1Dk+ySzApl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzRokUFn3/21tb39jc2i7sFHf39g8OS0fHTRunhvEGi2Vs2hG1XArNGyhQ8nZiOFWR5K1ofDurt564sSLWDzhJeKjoUIuBYBSd9dgdUczstFftlcp+xZ+LrEKQQxly1Xulr24/ZqniGpmk1nYCP8EwowYFk3xa7KaWJ5SN6ZB3HGqquA2z+cJTcu6cPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVR0IQTLJ69Cs1oJHN9flms3eRwFOIUzuIAArqAGd1CHBjBQ8Ayv8OYZ78V79z4WrWtePnMCf+R9/gDUwZBp</latexit><latexit sha1_base64="Z6T4SX73i1UO/WvGAiIZsweIERI=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv2QdinZNG1Dk+ySzApl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzRokUFn3/21tb39jc2i7sFHf39g8OS0fHTRunhvEGi2Vs2hG1XArNGyhQ8nZiOFWR5K1ofDurt564sSLWDzhJeKjoUIuBYBSd9dgdUczstFftlcp+xZ+LrEKQQxly1Xulr24/ZqniGpmk1nYCP8EwowYFk3xa7KaWJ5SN6ZB3HGqquA2z+cJTcu6cPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVR0IQTLJ69Cs1oJHN9flms3eRwFOIUzuIAArqAGd1CHBjBQ8Ayv8OYZ78V79z4WrWtePnMCf+R9/gDUwZBp</latexit><latexit sha1_base64="Z6T4SX73i1UO/WvGAiIZsweIERI=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv2QdinZNG1Dk+ySzApl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzRokUFn3/21tb39jc2i7sFHf39g8OS0fHTRunhvEGi2Vs2hG1XArNGyhQ8nZiOFWR5K1ofDurt564sSLWDzhJeKjoUIuBYBSd9dgdUczstFftlcp+xZ+LrEKQQxly1Xulr24/ZqniGpmk1nYCP8EwowYFk3xa7KaWJ5SN6ZB3HGqquA2z+cJTcu6cPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVR0IQTLJ69Cs1oJHN9flms3eRwFOIUzuIAArqAGd1CHBjBQ8Ayv8OYZ78V79z4WrWtePnMCf+R9/gDUwZBp</latexit><latexit sha1_base64="Z6T4SX73i1UO/WvGAiIZsweIERI=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv2QdinZNG1Dk+ySzApl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzRokUFn3/21tb39jc2i7sFHf39g8OS0fHTRunhvEGi2Vs2hG1XArNGyhQ8nZiOFWR5K1ofDurt564sSLWDzhJeKjoUIuBYBSd9dgdUczstFftlcp+xZ+LrEKQQxly1Xulr24/ZqniGpmk1nYCP8EwowYFk3xa7KaWJ5SN6ZB3HGqquA2z+cJTcu6cPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVR0IQTLJ69Cs1oJHN9flms3eRwFOIUzuIAArqAGd1CHBjBQ8Ayv8OYZ78V79z4WrWtePnMCf+R9/gDUwZBp</latexit>

ŝ3
<latexit sha1_base64="vPn2+9xmIhi99bpMVgce74JWBYo=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdBj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMfOkGJmJ73zXrniV/2ZyDIEOVQgV71X/ur0Y5YqrpFJam078BPsZtSgYJJPSp3U8oSyER3wtkNNFbfdbLbwhJw4p0+i2Linkczc3xMZVdaOVeg6FcWhXaxNzf9q7RSjq24mdJIi12z+UZRKgjGZXk/6wnCGcuyAMiPcroQNqaEMXUYlF0KwePIyNM+qgeO7i0rtOo+jCEdwDKcQwCXU4Bbq0AAGCp7hFd484714797HvLXg5TOH8Efe5w/WRZBq</latexit><latexit sha1_base64="vPn2+9xmIhi99bpMVgce74JWBYo=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdBj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMfOkGJmJ73zXrniV/2ZyDIEOVQgV71X/ur0Y5YqrpFJam078BPsZtSgYJJPSp3U8oSyER3wtkNNFbfdbLbwhJw4p0+i2Linkczc3xMZVdaOVeg6FcWhXaxNzf9q7RSjq24mdJIi12z+UZRKgjGZXk/6wnCGcuyAMiPcroQNqaEMXUYlF0KwePIyNM+qgeO7i0rtOo+jCEdwDKcQwCXU4Bbq0AAGCp7hFd484714797HvLXg5TOH8Efe5w/WRZBq</latexit><latexit sha1_base64="vPn2+9xmIhi99bpMVgce74JWBYo=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdBj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMfOkGJmJ73zXrniV/2ZyDIEOVQgV71X/ur0Y5YqrpFJam078BPsZtSgYJJPSp3U8oSyER3wtkNNFbfdbLbwhJw4p0+i2Linkczc3xMZVdaOVeg6FcWhXaxNzf9q7RSjq24mdJIi12z+UZRKgjGZXk/6wnCGcuyAMiPcroQNqaEMXUYlF0KwePIyNM+qgeO7i0rtOo+jCEdwDKcQwCXU4Bbq0AAGCp7hFd484714797HvLXg5TOH8Efe5w/WRZBq</latexit><latexit sha1_base64="vPn2+9xmIhi99bpMVgce74JWBYo=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdBj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMfOkGJmJ73zXrniV/2ZyDIEOVQgV71X/ur0Y5YqrpFJam078BPsZtSgYJJPSp3U8oSyER3wtkNNFbfdbLbwhJw4p0+i2Linkczc3xMZVdaOVeg6FcWhXaxNzf9q7RSjq24mdJIi12z+UZRKgjGZXk/6wnCGcuyAMiPcroQNqaEMXUYlF0KwePIyNM+qgeO7i0rtOo+jCEdwDKcQwCXU4Bbq0AAGCp7hFd484714797HvLXg5TOH8Efe5w/WRZBq</latexit>

1
<latexit sha1_base64="qp47xzdgavbzDAujuQrfWObrWms=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY3KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz96n4y1</latexit><latexit sha1_base64="qp47xzdgavbzDAujuQrfWObrWms=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY3KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz96n4y1</latexit><latexit sha1_base64="qp47xzdgavbzDAujuQrfWObrWms=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY3KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz96n4y1</latexit><latexit sha1_base64="qp47xzdgavbzDAujuQrfWObrWms=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY3KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz96n4y1</latexit>

1
<latexit sha1_base64="qp47xzdgavbzDAujuQrfWObrWms=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY3KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz96n4y1</latexit><latexit sha1_base64="qp47xzdgavbzDAujuQrfWObrWms=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY3KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz96n4y1</latexit><latexit sha1_base64="qp47xzdgavbzDAujuQrfWObrWms=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY3KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz96n4y1</latexit><latexit sha1_base64="qp47xzdgavbzDAujuQrfWObrWms=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY3KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz96n4y1</latexit>

0.25
<latexit sha1_base64="/g65rEF5D4xBSMqWWNw6sBozfnM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Cpui6LHoxWMF0xbaUDbbTbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXBuNvZ219Y3Nru7JT3d3bPzisHR23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64STu8LvPDGleSIfzTRlQUxGkkecEmMlH7uNq+qgVscungOtEq8kdSjRGtS++sOEZjGThgqidc/DqQlyogyngs2q/UyzlNAJGbGepZLETAf5/NgZOrfKEEWJsiUNmqu/J3ISaz2NQ9sZEzPWy14h/uf1MhPdBDmXaWaYpItFUSaQSVDxORpyxagRU0sIVdzeiuiYKEKNzacIwVt+eZW0G66HXe/hst68LeOowCmcwQV4cA1NuIcW+ECBwzO8wpsjnRfn3flYtK455cwJ/IHz+QP/o417</latexit><latexit sha1_base64="/g65rEF5D4xBSMqWWNw6sBozfnM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Cpui6LHoxWMF0xbaUDbbTbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXBuNvZ219Y3Nru7JT3d3bPzisHR23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64STu8LvPDGleSIfzTRlQUxGkkecEmMlH7uNq+qgVscungOtEq8kdSjRGtS++sOEZjGThgqidc/DqQlyogyngs2q/UyzlNAJGbGepZLETAf5/NgZOrfKEEWJsiUNmqu/J3ISaz2NQ9sZEzPWy14h/uf1MhPdBDmXaWaYpItFUSaQSVDxORpyxagRU0sIVdzeiuiYKEKNzacIwVt+eZW0G66HXe/hst68LeOowCmcwQV4cA1NuIcW+ECBwzO8wpsjnRfn3flYtK455cwJ/IHz+QP/o417</latexit><latexit sha1_base64="/g65rEF5D4xBSMqWWNw6sBozfnM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Cpui6LHoxWMF0xbaUDbbTbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXBuNvZ219Y3Nru7JT3d3bPzisHR23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64STu8LvPDGleSIfzTRlQUxGkkecEmMlH7uNq+qgVscungOtEq8kdSjRGtS++sOEZjGThgqidc/DqQlyogyngs2q/UyzlNAJGbGepZLETAf5/NgZOrfKEEWJsiUNmqu/J3ISaz2NQ9sZEzPWy14h/uf1MhPdBDmXaWaYpItFUSaQSVDxORpyxagRU0sIVdzeiuiYKEKNzacIwVt+eZW0G66HXe/hst68LeOowCmcwQV4cA1NuIcW+ECBwzO8wpsjnRfn3flYtK455cwJ/IHz+QP/o417</latexit><latexit sha1_base64="/g65rEF5D4xBSMqWWNw6sBozfnM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Cpui6LHoxWMF0xbaUDbbTbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXBuNvZ219Y3Nru7JT3d3bPzisHR23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64STu8LvPDGleSIfzTRlQUxGkkecEmMlH7uNq+qgVscungOtEq8kdSjRGtS++sOEZjGThgqidc/DqQlyogyngs2q/UyzlNAJGbGepZLETAf5/NgZOrfKEEWJsiUNmqu/J3ISaz2NQ9sZEzPWy14h/uf1MhPdBDmXaWaYpItFUSaQSVDxORpyxagRU0sIVdzeiuiYKEKNzacIwVt+eZW0G66HXe/hst68LeOowCmcwQV4cA1NuIcW+ECBwzO8wpsjnRfn3flYtK455cwJ/IHz+QP/o417</latexit>

0.
25
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Two examples about traces in the abstract model

“This book is about 
science.”

“This book is about 
literature.”
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<latexit sha1_base64="Voz8+sfuHGCt87KrdCVHqyKUNaY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg667E7opjZac/vlSt+1Z+LrEKQQwVy1Xvlr24/ZqniGpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HGqquA2z+cJTcuacPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVRyIQTLJ69C86IaOL6/rNRu8jiKcAKncA4BXEEN7qAODWCg4Ble4c0z3ov37n0sWgtePnMMf+R9/gDRuZBn</latexit><latexit sha1_base64="Voz8+sfuHGCt87KrdCVHqyKUNaY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg667E7opjZac/vlSt+1Z+LrEKQQwVy1Xvlr24/ZqniGpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HGqquA2z+cJTcuacPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVRyIQTLJ69C86IaOL6/rNRu8jiKcAKncA4BXEEN7qAODWCg4Ble4c0z3ov37n0sWgtePnMMf+R9/gDRuZBn</latexit><latexit sha1_base64="Voz8+sfuHGCt87KrdCVHqyKUNaY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg667E7opjZac/vlSt+1Z+LrEKQQwVy1Xvlr24/ZqniGpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HGqquA2z+cJTcuacPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVRyIQTLJ69C86IaOL6/rNRu8jiKcAKncA4BXEEN7qAODWCg4Ble4c0z3ov37n0sWgtePnMMf+R9/gDRuZBn</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="n7gE7Cq/3kMQHJJYLVzJCH9i2cQ=">AAAB5XicbZBLSwMxFIXv1FetVatbN8EiuCoZN7oU3LisYB/SDiWTZtrQJDMkd4Qy9Fe4caGIf8md/8b0sdDWA4GPcxJy74kzJR1S+h2UtrZ3dvfK+5WD6uHRce2k2nZpbrlo8VSlthszJ5Q0ooUSlehmVjAdK9GJJ3fzvPMsrJOpecRpJiLNRkYmkjP01lN/zLBwswEd1Oq0QRcimxCuoA4rNQe1r/4w5bkWBrlizvVCmmFUMIuSKzGr9HMnMsYnbCR6Hg3TwkXFYuAZufDOkCSp9ccgWbi/XxRMOzfVsb+pGY7dejY3/8t6OSY3USFNlqMwfPlRkiuCKZlvT4bSCo5q6oFxK/2shI+ZZRx9RxVfQri+8ia0rxqh5wcKZTiDc7iEEK7hFu6hCS3goOEF3uA9sMFr8LGsqxSsejuFPwo+fwCY6o8M</latexit><latexit sha1_base64="n7gE7Cq/3kMQHJJYLVzJCH9i2cQ=">AAAB5XicbZBLSwMxFIXv1FetVatbN8EiuCoZN7oU3LisYB/SDiWTZtrQJDMkd4Qy9Fe4caGIf8md/8b0sdDWA4GPcxJy74kzJR1S+h2UtrZ3dvfK+5WD6uHRce2k2nZpbrlo8VSlthszJ5Q0ooUSlehmVjAdK9GJJ3fzvPMsrJOpecRpJiLNRkYmkjP01lN/zLBwswEd1Oq0QRcimxCuoA4rNQe1r/4w5bkWBrlizvVCmmFUMIuSKzGr9HMnMsYnbCR6Hg3TwkXFYuAZufDOkCSp9ccgWbi/XxRMOzfVsb+pGY7dejY3/8t6OSY3USFNlqMwfPlRkiuCKZlvT4bSCo5q6oFxK/2shI+ZZRx9RxVfQri+8ia0rxqh5wcKZTiDc7iEEK7hFu6hCS3goOEF3uA9sMFr8LGsqxSsejuFPwo+fwCY6o8M</latexit><latexit sha1_base64="sfBfFOrr483jlRYwBvT+aEL/vOA=">AAAB8HicbZBNTwIxEIZn8QvxC/XopZGYeCK7XvRI9OIREwENbEi3dKGh7W7aWROy4Vd48aAxXv053vw3FtiDgm/S5Mk7M+nMG6VSWPT9b6+0tr6xuVXeruzs7u0fVA+P2jbJDOMtlsjEPETUcik0b6FAyR9Sw6mKJO9E45tZvfPEjRWJvsdJykNFh1rEglF01mNvRDG3077fr9b8uj8XWYWggBoUavarX71BwjLFNTJJre0GfophTg0KJvm00sssTykb0yHvOtRUcRvm84Wn5Mw5AxInxj2NZO7+nsipsnaiItepKI7scm1m/lfrZhhfhbnQaYZcs8VHcSYJJmR2PRkIwxnKiQPKjHC7EjaihjJ0GVVcCMHyyavQvqgHju/8WuO6iKMMJ3AK5xDAJTTgFprQAgYKnuEV3jzjvXjv3seiteQVM8fwR97nD9B5kGM=</latexit><latexit sha1_base64="Voz8+sfuHGCt87KrdCVHqyKUNaY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg667E7opjZac/vlSt+1Z+LrEKQQwVy1Xvlr24/ZqniGpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HGqquA2z+cJTcuacPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVRyIQTLJ69C86IaOL6/rNRu8jiKcAKncA4BXEEN7qAODWCg4Ble4c0z3ov37n0sWgtePnMMf+R9/gDRuZBn</latexit><latexit sha1_base64="Voz8+sfuHGCt87KrdCVHqyKUNaY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg667E7opjZac/vlSt+1Z+LrEKQQwVy1Xvlr24/ZqniGpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HGqquA2z+cJTcuacPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVRyIQTLJ69C86IaOL6/rNRu8jiKcAKncA4BXEEN7qAODWCg4Ble4c0z3ov37n0sWgtePnMMf+R9/gDRuZBn</latexit><latexit sha1_base64="Voz8+sfuHGCt87KrdCVHqyKUNaY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg667E7opjZac/vlSt+1Z+LrEKQQwVy1Xvlr24/ZqniGpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HGqquA2z+cJTcuacPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVRyIQTLJ69C86IaOL6/rNRu8jiKcAKncA4BXEEN7qAODWCg4Ble4c0z3ov37n0sWgtePnMMf+R9/gDRuZBn</latexit><latexit sha1_base64="Voz8+sfuHGCt87KrdCVHqyKUNaY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg667E7opjZac/vlSt+1Z+LrEKQQwVy1Xvlr24/ZqniGpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HGqquA2z+cJTcuacPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVRyIQTLJ69C86IaOL6/rNRu8jiKcAKncA4BXEEN7qAODWCg4Ble4c0z3ov37n0sWgtePnMMf+R9/gDRuZBn</latexit><latexit sha1_base64="Voz8+sfuHGCt87KrdCVHqyKUNaY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg667E7opjZac/vlSt+1Z+LrEKQQwVy1Xvlr24/ZqniGpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HGqquA2z+cJTcuacPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVRyIQTLJ69C86IaOL6/rNRu8jiKcAKncA4BXEEN7qAODWCg4Ble4c0z3ov37n0sWgtePnMMf+R9/gDRuZBn</latexit><latexit sha1_base64="Voz8+sfuHGCt87KrdCVHqyKUNaY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg667E7opjZac/vlSt+1Z+LrEKQQwVy1Xvlr24/ZqniGpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HGqquA2z+cJTcuacPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVRyIQTLJ69C86IaOL6/rNRu8jiKcAKncA4BXEEN7qAODWCg4Ble4c0z3ov37n0sWgtePnMMf+R9/gDRuZBn</latexit>

ŝ1
<latexit sha1_base64="CwDA/KaHmbSikjCS0Xxhh703Hyc=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg667E7opjZaS/olSt+1Z+LrEKQQwVy1Xvlr24/ZqniGpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HGqquA2z+cJTcuacPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVRyIQTLJ69C86IaOL6/rNRu8jiKcAKncA4BXEEN7qAODWCg4Ble4c0z3ov37n0sWgtePnMMf+R9/gDTPZBo</latexit><latexit sha1_base64="CwDA/KaHmbSikjCS0Xxhh703Hyc=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg667E7opjZaS/olSt+1Z+LrEKQQwVy1Xvlr24/ZqniGpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HGqquA2z+cJTcuacPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVRyIQTLJ69C86IaOL6/rNRu8jiKcAKncA4BXEEN7qAODWCg4Ble4c0z3ov37n0sWgtePnMMf+R9/gDTPZBo</latexit><latexit sha1_base64="CwDA/KaHmbSikjCS0Xxhh703Hyc=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg667E7opjZaS/olSt+1Z+LrEKQQwVy1Xvlr24/ZqniGpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HGqquA2z+cJTcuacPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVRyIQTLJ69C86IaOL6/rNRu8jiKcAKncA4BXEEN7qAODWCg4Ble4c0z3ov37n0sWgtePnMMf+R9/gDTPZBo</latexit><latexit sha1_base64="CwDA/KaHmbSikjCS0Xxhh703Hyc=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg667E7opjZaS/olSt+1Z+LrEKQQwVy1Xvlr24/ZqniGpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HGqquA2z+cJTcuacPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVRyIQTLJ69C86IaOL6/rNRu8jiKcAKncA4BXEEN7qAODWCg4Ble4c0z3ov37n0sWgtePnMMf+R9/gDTPZBo</latexit>

ŝ2
<latexit sha1_base64="Z6T4SX73i1UO/WvGAiIZsweIERI=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv2QdinZNG1Dk+ySzApl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzRokUFn3/21tb39jc2i7sFHf39g8OS0fHTRunhvEGi2Vs2hG1XArNGyhQ8nZiOFWR5K1ofDurt564sSLWDzhJeKjoUIuBYBSd9dgdUczstFftlcp+xZ+LrEKQQxly1Xulr24/ZqniGpmk1nYCP8EwowYFk3xa7KaWJ5SN6ZB3HGqquA2z+cJTcu6cPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVR0IQTLJ69Cs1oJHN9flms3eRwFOIUzuIAArqAGd1CHBjBQ8Ayv8OYZ78V79z4WrWtePnMCf+R9/gDUwZBp</latexit><latexit sha1_base64="Z6T4SX73i1UO/WvGAiIZsweIERI=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv2QdinZNG1Dk+ySzApl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzRokUFn3/21tb39jc2i7sFHf39g8OS0fHTRunhvEGi2Vs2hG1XArNGyhQ8nZiOFWR5K1ofDurt564sSLWDzhJeKjoUIuBYBSd9dgdUczstFftlcp+xZ+LrEKQQxly1Xulr24/ZqniGpmk1nYCP8EwowYFk3xa7KaWJ5SN6ZB3HGqquA2z+cJTcu6cPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVR0IQTLJ69Cs1oJHN9flms3eRwFOIUzuIAArqAGd1CHBjBQ8Ayv8OYZ78V79z4WrWtePnMCf+R9/gDUwZBp</latexit><latexit sha1_base64="Z6T4SX73i1UO/WvGAiIZsweIERI=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv2QdinZNG1Dk+ySzApl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzRokUFn3/21tb39jc2i7sFHf39g8OS0fHTRunhvEGi2Vs2hG1XArNGyhQ8nZiOFWR5K1ofDurt564sSLWDzhJeKjoUIuBYBSd9dgdUczstFftlcp+xZ+LrEKQQxly1Xulr24/ZqniGpmk1nYCP8EwowYFk3xa7KaWJ5SN6ZB3HGqquA2z+cJTcu6cPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVR0IQTLJ69Cs1oJHN9flms3eRwFOIUzuIAArqAGd1CHBjBQ8Ayv8OYZ78V79z4WrWtePnMCf+R9/gDUwZBp</latexit><latexit sha1_base64="Z6T4SX73i1UO/WvGAiIZsweIERI=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv2QdinZNG1Dk+ySzApl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzRokUFn3/21tb39jc2i7sFHf39g8OS0fHTRunhvEGi2Vs2hG1XArNGyhQ8nZiOFWR5K1ofDurt564sSLWDzhJeKjoUIuBYBSd9dgdUczstFftlcp+xZ+LrEKQQxly1Xulr24/ZqniGpmk1nYCP8EwowYFk3xa7KaWJ5SN6ZB3HGqquA2z+cJTcu6cPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVR0IQTLJ69Cs1oJHN9flms3eRwFOIUzuIAArqAGd1CHBjBQ8Ayv8OYZ78V79z4WrWtePnMCf+R9/gDUwZBp</latexit>

ŝ3
<latexit sha1_base64="vPn2+9xmIhi99bpMVgce74JWBYo=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdBj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMfOkGJmJ73zXrniV/2ZyDIEOVQgV71X/ur0Y5YqrpFJam078BPsZtSgYJJPSp3U8oSyER3wtkNNFbfdbLbwhJw4p0+i2Linkczc3xMZVdaOVeg6FcWhXaxNzf9q7RSjq24mdJIi12z+UZRKgjGZXk/6wnCGcuyAMiPcroQNqaEMXUYlF0KwePIyNM+qgeO7i0rtOo+jCEdwDKcQwCXU4Bbq0AAGCp7hFd484714797HvLXg5TOH8Efe5w/WRZBq</latexit><latexit sha1_base64="vPn2+9xmIhi99bpMVgce74JWBYo=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdBj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMfOkGJmJ73zXrniV/2ZyDIEOVQgV71X/ur0Y5YqrpFJam078BPsZtSgYJJPSp3U8oSyER3wtkNNFbfdbLbwhJw4p0+i2Linkczc3xMZVdaOVeg6FcWhXaxNzf9q7RSjq24mdJIi12z+UZRKgjGZXk/6wnCGcuyAMiPcroQNqaEMXUYlF0KwePIyNM+qgeO7i0rtOo+jCEdwDKcQwCXU4Bbq0AAGCp7hFd484714797HvLXg5TOH8Efe5w/WRZBq</latexit><latexit sha1_base64="vPn2+9xmIhi99bpMVgce74JWBYo=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdBj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMfOkGJmJ73zXrniV/2ZyDIEOVQgV71X/ur0Y5YqrpFJam078BPsZtSgYJJPSp3U8oSyER3wtkNNFbfdbLbwhJw4p0+i2Linkczc3xMZVdaOVeg6FcWhXaxNzf9q7RSjq24mdJIi12z+UZRKgjGZXk/6wnCGcuyAMiPcroQNqaEMXUYlF0KwePIyNM+qgeO7i0rtOo+jCEdwDKcQwCXU4Bbq0AAGCp7hFd484714797HvLXg5TOH8Efe5w/WRZBq</latexit><latexit sha1_base64="vPn2+9xmIhi99bpMVgce74JWBYo=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdBj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMfOkGJmJ73zXrniV/2ZyDIEOVQgV71X/ur0Y5YqrpFJam078BPsZtSgYJJPSp3U8oSyER3wtkNNFbfdbLbwhJw4p0+i2Linkczc3xMZVdaOVeg6FcWhXaxNzf9q7RSjq24mdJIi12z+UZRKgjGZXk/6wnCGcuyAMiPcroQNqaEMXUYlF0KwePIyNM+qgeO7i0rtOo+jCEdwDKcQwCXU4Bbq0AAGCp7hFd484714797HvLXg5TOH8Efe5w/WRZBq</latexit>

1
<latexit sha1_base64="qp47xzdgavbzDAujuQrfWObrWms=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY3KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz96n4y1</latexit><latexit sha1_base64="qp47xzdgavbzDAujuQrfWObrWms=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY3KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz96n4y1</latexit><latexit sha1_base64="qp47xzdgavbzDAujuQrfWObrWms=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY3KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz96n4y1</latexit><latexit sha1_base64="qp47xzdgavbzDAujuQrfWObrWms=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY3KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz96n4y1</latexit>

1
<latexit sha1_base64="qp47xzdgavbzDAujuQrfWObrWms=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY3KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz96n4y1</latexit><latexit sha1_base64="qp47xzdgavbzDAujuQrfWObrWms=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY3KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz96n4y1</latexit><latexit sha1_base64="qp47xzdgavbzDAujuQrfWObrWms=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY3KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz96n4y1</latexit><latexit sha1_base64="qp47xzdgavbzDAujuQrfWObrWms=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY3KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz96n4y1</latexit>

0.25
<latexit sha1_base64="/g65rEF5D4xBSMqWWNw6sBozfnM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Cpui6LHoxWMF0xbaUDbbTbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXBuNvZ219Y3Nru7JT3d3bPzisHR23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64STu8LvPDGleSIfzTRlQUxGkkecEmMlH7uNq+qgVscungOtEq8kdSjRGtS++sOEZjGThgqidc/DqQlyogyngs2q/UyzlNAJGbGepZLETAf5/NgZOrfKEEWJsiUNmqu/J3ISaz2NQ9sZEzPWy14h/uf1MhPdBDmXaWaYpItFUSaQSVDxORpyxagRU0sIVdzeiuiYKEKNzacIwVt+eZW0G66HXe/hst68LeOowCmcwQV4cA1NuIcW+ECBwzO8wpsjnRfn3flYtK455cwJ/IHz+QP/o417</latexit><latexit sha1_base64="/g65rEF5D4xBSMqWWNw6sBozfnM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Cpui6LHoxWMF0xbaUDbbTbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXBuNvZ219Y3Nru7JT3d3bPzisHR23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64STu8LvPDGleSIfzTRlQUxGkkecEmMlH7uNq+qgVscungOtEq8kdSjRGtS++sOEZjGThgqidc/DqQlyogyngs2q/UyzlNAJGbGepZLETAf5/NgZOrfKEEWJsiUNmqu/J3ISaz2NQ9sZEzPWy14h/uf1MhPdBDmXaWaYpItFUSaQSVDxORpyxagRU0sIVdzeiuiYKEKNzacIwVt+eZW0G66HXe/hst68LeOowCmcwQV4cA1NuIcW+ECBwzO8wpsjnRfn3flYtK455cwJ/IHz+QP/o417</latexit><latexit sha1_base64="/g65rEF5D4xBSMqWWNw6sBozfnM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Cpui6LHoxWMF0xbaUDbbTbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXBuNvZ219Y3Nru7JT3d3bPzisHR23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64STu8LvPDGleSIfzTRlQUxGkkecEmMlH7uNq+qgVscungOtEq8kdSjRGtS++sOEZjGThgqidc/DqQlyogyngs2q/UyzlNAJGbGepZLETAf5/NgZOrfKEEWJsiUNmqu/J3ISaz2NQ9sZEzPWy14h/uf1MhPdBDmXaWaYpItFUSaQSVDxORpyxagRU0sIVdzeiuiYKEKNzacIwVt+eZW0G66HXe/hst68LeOowCmcwQV4cA1NuIcW+ECBwzO8wpsjnRfn3flYtK455cwJ/IHz+QP/o417</latexit><latexit sha1_base64="/g65rEF5D4xBSMqWWNw6sBozfnM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Cpui6LHoxWMF0xbaUDbbTbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXBuNvZ219Y3Nru7JT3d3bPzisHR23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64STu8LvPDGleSIfzTRlQUxGkkecEmMlH7uNq+qgVscungOtEq8kdSjRGtS++sOEZjGThgqidc/DqQlyogyngs2q/UyzlNAJGbGepZLETAf5/NgZOrfKEEWJsiUNmqu/J3ISaz2NQ9sZEzPWy14h/uf1MhPdBDmXaWaYpItFUSaQSVDxORpyxagRU0sIVdzeiuiYKEKNzacIwVt+eZW0G66HXe/hst68LeOowCmcwQV4cA1NuIcW+ECBwzO8wpsjnRfn3flYtK455cwJ/IHz+QP/o417</latexit>

0.
25

<latexit sha1_base64="/g65rEF5D4xBSMqWWNw6sBozfnM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Cpui6LHoxWMF0xbaUDbbTbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXBuNvZ219Y3Nru7JT3d3bPzisHR23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64STu8LvPDGleSIfzTRlQUxGkkecEmMlH7uNq+qgVscungOtEq8kdSjRGtS++sOEZjGThgqidc/DqQlyogyngs2q/UyzlNAJGbGepZLETAf5/NgZOrfKEEWJsiUNmqu/J3ISaz2NQ9sZEzPWy14h/uf1MhPdBDmXaWaYpItFUSaQSVDxORpyxagRU0sIVdzeiuiYKEKNzacIwVt+eZW0G66HXe/hst68LeOowCmcwQV4cA1NuIcW+ECBwzO8wpsjnRfn3flYtK455cwJ/IHz+QP/o417</latexit><latexit sha1_base64="/g65rEF5D4xBSMqWWNw6sBozfnM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Cpui6LHoxWMF0xbaUDbbTbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXBuNvZ219Y3Nru7JT3d3bPzisHR23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64STu8LvPDGleSIfzTRlQUxGkkecEmMlH7uNq+qgVscungOtEq8kdSjRGtS++sOEZjGThgqidc/DqQlyogyngs2q/UyzlNAJGbGepZLETAf5/NgZOrfKEEWJsiUNmqu/J3ISaz2NQ9sZEzPWy14h/uf1MhPdBDmXaWaYpItFUSaQSVDxORpyxagRU0sIVdzeiuiYKEKNzacIwVt+eZW0G66HXe/hst68LeOowCmcwQV4cA1NuIcW+ECBwzO8wpsjnRfn3flYtK455cwJ/IHz+QP/o417</latexit><latexit sha1_base64="/g65rEF5D4xBSMqWWNw6sBozfnM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Cpui6LHoxWMF0xbaUDbbTbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXBuNvZ219Y3Nru7JT3d3bPzisHR23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64STu8LvPDGleSIfzTRlQUxGkkecEmMlH7uNq+qgVscungOtEq8kdSjRGtS++sOEZjGThgqidc/DqQlyogyngs2q/UyzlNAJGbGepZLETAf5/NgZOrfKEEWJsiUNmqu/J3ISaz2NQ9sZEzPWy14h/uf1MhPdBDmXaWaYpItFUSaQSVDxORpyxagRU0sIVdzeiuiYKEKNzacIwVt+eZW0G66HXe/hst68LeOowCmcwQV4cA1NuIcW+ECBwzO8wpsjnRfn3flYtK455cwJ/IHz+QP/o417</latexit><latexit sha1_base64="/g65rEF5D4xBSMqWWNw6sBozfnM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Cpui6LHoxWMF0xbaUDbbTbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXBuNvZ219Y3Nru7JT3d3bPzisHR23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64STu8LvPDGleSIfzTRlQUxGkkecEmMlH7uNq+qgVscungOtEq8kdSjRGtS++sOEZjGThgqidc/DqQlyogyngs2q/UyzlNAJGbGepZLETAf5/NgZOrfKEEWJsiUNmqu/J3ISaz2NQ9sZEzPWy14h/uf1MhPdBDmXaWaYpItFUSaQSVDxORpyxagRU0sIVdzeiuiYKEKNzacIwVt+eZW0G66HXe/hst68LeOowCmcwQV4cA1NuIcW+ECBwzO8wpsjnRfn3flYtK455cwJ/IHz+QP/o417</latexit>

0.25
<latexit sha1_base64="/g65rEF5D4xBSMqWWNw6sBozfnM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Cpui6LHoxWMF0xbaUDbbTbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXBuNvZ219Y3Nru7JT3d3bPzisHR23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64STu8LvPDGleSIfzTRlQUxGkkecEmMlH7uNq+qgVscungOtEq8kdSjRGtS++sOEZjGThgqidc/DqQlyogyngs2q/UyzlNAJGbGepZLETAf5/NgZOrfKEEWJsiUNmqu/J3ISaz2NQ9sZEzPWy14h/uf1MhPdBDmXaWaYpItFUSaQSVDxORpyxagRU0sIVdzeiuiYKEKNzacIwVt+eZW0G66HXe/hst68LeOowCmcwQV4cA1NuIcW+ECBwzO8wpsjnRfn3flYtK455cwJ/IHz+QP/o417</latexit><latexit sha1_base64="/g65rEF5D4xBSMqWWNw6sBozfnM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Cpui6LHoxWMF0xbaUDbbTbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXBuNvZ219Y3Nru7JT3d3bPzisHR23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64STu8LvPDGleSIfzTRlQUxGkkecEmMlH7uNq+qgVscungOtEq8kdSjRGtS++sOEZjGThgqidc/DqQlyogyngs2q/UyzlNAJGbGepZLETAf5/NgZOrfKEEWJsiUNmqu/J3ISaz2NQ9sZEzPWy14h/uf1MhPdBDmXaWaYpItFUSaQSVDxORpyxagRU0sIVdzeiuiYKEKNzacIwVt+eZW0G66HXe/hst68LeOowCmcwQV4cA1NuIcW+ECBwzO8wpsjnRfn3flYtK455cwJ/IHz+QP/o417</latexit><latexit sha1_base64="/g65rEF5D4xBSMqWWNw6sBozfnM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Cpui6LHoxWMF0xbaUDbbTbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXBuNvZ219Y3Nru7JT3d3bPzisHR23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64STu8LvPDGleSIfzTRlQUxGkkecEmMlH7uNq+qgVscungOtEq8kdSjRGtS++sOEZjGThgqidc/DqQlyogyngs2q/UyzlNAJGbGepZLETAf5/NgZOrfKEEWJsiUNmqu/J3ISaz2NQ9sZEzPWy14h/uf1MhPdBDmXaWaYpItFUSaQSVDxORpyxagRU0sIVdzeiuiYKEKNzacIwVt+eZW0G66HXe/hst68LeOowCmcwQV4cA1NuIcW+ECBwzO8wpsjnRfn3flYtK455cwJ/IHz+QP/o417</latexit><latexit sha1_base64="/g65rEF5D4xBSMqWWNw6sBozfnM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Cpui6LHoxWMF0xbaUDbbTbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXBuNvZ219Y3Nru7JT3d3bPzisHR23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64STu8LvPDGleSIfzTRlQUxGkkecEmMlH7uNq+qgVscungOtEq8kdSjRGtS++sOEZjGThgqidc/DqQlyogyngs2q/UyzlNAJGbGepZLETAf5/NgZOrfKEEWJsiUNmqu/J3ISaz2NQ9sZEzPWy14h/uf1MhPdBDmXaWaYpItFUSaQSVDxORpyxagRU0sIVdzeiuiYKEKNzacIwVt+eZW0G66HXe/hst68LeOowCmcwQV4cA1NuIcW+ECBwzO8wpsjnRfn3flYtK455cwJ/IHz+QP/o417</latexit>

0.25
<latexit sha1_base64="/g65rEF5D4xBSMqWWNw6sBozfnM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Cpui6LHoxWMF0xbaUDbbTbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXBuNvZ219Y3Nru7JT3d3bPzisHR23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64STu8LvPDGleSIfzTRlQUxGkkecEmMlH7uNq+qgVscungOtEq8kdSjRGtS++sOEZjGThgqidc/DqQlyogyngs2q/UyzlNAJGbGepZLETAf5/NgZOrfKEEWJsiUNmqu/J3ISaz2NQ9sZEzPWy14h/uf1MhPdBDmXaWaYpItFUSaQSVDxORpyxagRU0sIVdzeiuiYKEKNzacIwVt+eZW0G66HXe/hst68LeOowCmcwQV4cA1NuIcW+ECBwzO8wpsjnRfn3flYtK455cwJ/IHz+QP/o417</latexit><latexit sha1_base64="/g65rEF5D4xBSMqWWNw6sBozfnM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Cpui6LHoxWMF0xbaUDbbTbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXBuNvZ219Y3Nru7JT3d3bPzisHR23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64STu8LvPDGleSIfzTRlQUxGkkecEmMlH7uNq+qgVscungOtEq8kdSjRGtS++sOEZjGThgqidc/DqQlyogyngs2q/UyzlNAJGbGepZLETAf5/NgZOrfKEEWJsiUNmqu/J3ISaz2NQ9sZEzPWy14h/uf1MhPdBDmXaWaYpItFUSaQSVDxORpyxagRU0sIVdzeiuiYKEKNzacIwVt+eZW0G66HXe/hst68LeOowCmcwQV4cA1NuIcW+ECBwzO8wpsjnRfn3flYtK455cwJ/IHz+QP/o417</latexit><latexit sha1_base64="/g65rEF5D4xBSMqWWNw6sBozfnM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Cpui6LHoxWMF0xbaUDbbTbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXBuNvZ219Y3Nru7JT3d3bPzisHR23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64STu8LvPDGleSIfzTRlQUxGkkecEmMlH7uNq+qgVscungOtEq8kdSjRGtS++sOEZjGThgqidc/DqQlyogyngs2q/UyzlNAJGbGepZLETAf5/NgZOrfKEEWJsiUNmqu/J3ISaz2NQ9sZEzPWy14h/uf1MhPdBDmXaWaYpItFUSaQSVDxORpyxagRU0sIVdzeiuiYKEKNzacIwVt+eZW0G66HXe/hst68LeOowCmcwQV4cA1NuIcW+ECBwzO8wpsjnRfn3flYtK455cwJ/IHz+QP/o417</latexit><latexit sha1_base64="/g65rEF5D4xBSMqWWNw6sBozfnM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Cpui6LHoxWMF0xbaUDbbTbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXBuNvZ219Y3Nru7JT3d3bPzisHR23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64STu8LvPDGleSIfzTRlQUxGkkecEmMlH7uNq+qgVscungOtEq8kdSjRGtS++sOEZjGThgqidc/DqQlyogyngs2q/UyzlNAJGbGepZLETAf5/NgZOrfKEEWJsiUNmqu/J3ISaz2NQ9sZEzPWy14h/uf1MhPdBDmXaWaYpItFUSaQSVDxORpyxagRU0sIVdzeiuiYKEKNzacIwVt+eZW0G66HXe/hst68LeOowCmcwQV4cA1NuIcW+ECBwzO8wpsjnRfn3flYtK455cwJ/IHz+QP/o417</latexit>

Basic State Coverage 
(BSCov)

Weighted State 
Coverage(WSCov)

n-step State Boundary 
Coverage (n-SBCov) 

Basic Transition 
Coverage (BTCov)

Weighted Transition 
Coverage (WTCov)

Coverage Criteria For Sample Set

State-based Trace 
Similarity Metrics 

(STSim)

Transition-based 
Trace Similarity 
Metrics (TTSim)

Similarity MetricsFor any two samples

Similarity metrics and coverage criteria for quantitative analysis
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Adversarial Sample Detection

Benign ADV

“Ask capital one to make 
a credit card payment”

Text to Speech 
Engine

“Can I help you?”

Text to Speech 
Engine

Similarity Similarity
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Traces of the example audio
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Coverage-Guided Testing



RNNRepair: Automatic RNN Repair via 
Model-based Analysis

(ICML’21)
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Semantics of Abstract Model

1. Interval abstraction is not precise

ŝ0
<latexit sha1_base64="Voz8+sfuHGCt87KrdCVHqyKUNaY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg667E7opjZac/vlSt+1Z+LrEKQQwVy1Xvlr24/ZqniGpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HGqquA2z+cJTcuacPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVRyIQTLJ69C86IaOL6/rNRu8jiKcAKncA4BXEEN7qAODWCg4Ble4c0z3ov37n0sWgtePnMMf+R9/gDRuZBn</latexit><latexit sha1_base64="Voz8+sfuHGCt87KrdCVHqyKUNaY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg667E7opjZac/vlSt+1Z+LrEKQQwVy1Xvlr24/ZqniGpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HGqquA2z+cJTcuacPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVRyIQTLJ69C86IaOL6/rNRu8jiKcAKncA4BXEEN7qAODWCg4Ble4c0z3ov37n0sWgtePnMMf+R9/gDRuZBn</latexit><latexit sha1_base64="Voz8+sfuHGCt87KrdCVHqyKUNaY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg667E7opjZac/vlSt+1Z+LrEKQQwVy1Xvlr24/ZqniGpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HGqquA2z+cJTcuacPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVRyIQTLJ69C86IaOL6/rNRu8jiKcAKncA4BXEEN7qAODWCg4Ble4c0z3ov37n0sWgtePnMMf+R9/gDRuZBn</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="n7gE7Cq/3kMQHJJYLVzJCH9i2cQ=">AAAB5XicbZBLSwMxFIXv1FetVatbN8EiuCoZN7oU3LisYB/SDiWTZtrQJDMkd4Qy9Fe4caGIf8md/8b0sdDWA4GPcxJy74kzJR1S+h2UtrZ3dvfK+5WD6uHRce2k2nZpbrlo8VSlthszJ5Q0ooUSlehmVjAdK9GJJ3fzvPMsrJOpecRpJiLNRkYmkjP01lN/zLBwswEd1Oq0QRcimxCuoA4rNQe1r/4w5bkWBrlizvVCmmFUMIuSKzGr9HMnMsYnbCR6Hg3TwkXFYuAZufDOkCSp9ccgWbi/XxRMOzfVsb+pGY7dejY3/8t6OSY3USFNlqMwfPlRkiuCKZlvT4bSCo5q6oFxK/2shI+ZZRx9RxVfQri+8ia0rxqh5wcKZTiDc7iEEK7hFu6hCS3goOEF3uA9sMFr8LGsqxSsejuFPwo+fwCY6o8M</latexit><latexit sha1_base64="n7gE7Cq/3kMQHJJYLVzJCH9i2cQ=">AAAB5XicbZBLSwMxFIXv1FetVatbN8EiuCoZN7oU3LisYB/SDiWTZtrQJDMkd4Qy9Fe4caGIf8md/8b0sdDWA4GPcxJy74kzJR1S+h2UtrZ3dvfK+5WD6uHRce2k2nZpbrlo8VSlthszJ5Q0ooUSlehmVjAdK9GJJ3fzvPMsrJOpecRpJiLNRkYmkjP01lN/zLBwswEd1Oq0QRcimxCuoA4rNQe1r/4w5bkWBrlizvVCmmFUMIuSKzGr9HMnMsYnbCR6Hg3TwkXFYuAZufDOkCSp9ccgWbi/XxRMOzfVsb+pGY7dejY3/8t6OSY3USFNlqMwfPlRkiuCKZlvT4bSCo5q6oFxK/2shI+ZZRx9RxVfQri+8ia0rxqh5wcKZTiDc7iEEK7hFu6hCS3goOEF3uA9sMFr8LGsqxSsejuFPwo+fwCY6o8M</latexit><latexit sha1_base64="sfBfFOrr483jlRYwBvT+aEL/vOA=">AAAB8HicbZBNTwIxEIZn8QvxC/XopZGYeCK7XvRI9OIREwENbEi3dKGh7W7aWROy4Vd48aAxXv053vw3FtiDgm/S5Mk7M+nMG6VSWPT9b6+0tr6xuVXeruzs7u0fVA+P2jbJDOMtlsjEPETUcik0b6FAyR9Sw6mKJO9E45tZvfPEjRWJvsdJykNFh1rEglF01mNvRDG3077fr9b8uj8XWYWggBoUavarX71BwjLFNTJJre0GfophTg0KJvm00sssTykb0yHvOtRUcRvm84Wn5Mw5AxInxj2NZO7+nsipsnaiItepKI7scm1m/lfrZhhfhbnQaYZcs8VHcSYJJmR2PRkIwxnKiQPKjHC7EjaihjJ0GVVcCMHyyavQvqgHju/8WuO6iKMMJ3AK5xDAJTTgFprQAgYKnuEV3jzjvXjv3seiteQVM8fwR97nD9B5kGM=</latexit><latexit sha1_base64="Voz8+sfuHGCt87KrdCVHqyKUNaY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg667E7opjZac/vlSt+1Z+LrEKQQwVy1Xvlr24/ZqniGpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HGqquA2z+cJTcuacPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVRyIQTLJ69C86IaOL6/rNRu8jiKcAKncA4BXEEN7qAODWCg4Ble4c0z3ov37n0sWgtePnMMf+R9/gDRuZBn</latexit><latexit sha1_base64="Voz8+sfuHGCt87KrdCVHqyKUNaY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg667E7opjZac/vlSt+1Z+LrEKQQwVy1Xvlr24/ZqniGpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HGqquA2z+cJTcuacPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVRyIQTLJ69C86IaOL6/rNRu8jiKcAKncA4BXEEN7qAODWCg4Ble4c0z3ov37n0sWgtePnMMf+R9/gDRuZBn</latexit><latexit sha1_base64="Voz8+sfuHGCt87KrdCVHqyKUNaY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg667E7opjZac/vlSt+1Z+LrEKQQwVy1Xvlr24/ZqniGpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HGqquA2z+cJTcuacPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVRyIQTLJ69C86IaOL6/rNRu8jiKcAKncA4BXEEN7qAODWCg4Ble4c0z3ov37n0sWgtePnMMf+R9/gDRuZBn</latexit><latexit sha1_base64="Voz8+sfuHGCt87KrdCVHqyKUNaY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg667E7opjZac/vlSt+1Z+LrEKQQwVy1Xvlr24/ZqniGpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HGqquA2z+cJTcuacPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVRyIQTLJ69C86IaOL6/rNRu8jiKcAKncA4BXEEN7qAODWCg4Ble4c0z3ov37n0sWgtePnMMf+R9/gDRuZBn</latexit><latexit sha1_base64="Voz8+sfuHGCt87KrdCVHqyKUNaY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg667E7opjZac/vlSt+1Z+LrEKQQwVy1Xvlr24/ZqniGpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HGqquA2z+cJTcuacPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVRyIQTLJ69C86IaOL6/rNRu8jiKcAKncA4BXEEN7qAODWCg4Ble4c0z3ov37n0sWgtePnMMf+R9/gDRuZBn</latexit><latexit sha1_base64="Voz8+sfuHGCt87KrdCVHqyKUNaY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg667E7opjZac/vlSt+1Z+LrEKQQwVy1Xvlr24/ZqniGpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HGqquA2z+cJTcuacPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVRyIQTLJ69C86IaOL6/rNRu8jiKcAKncA4BXEEN7qAODWCg4Ble4c0z3ov37n0sWgtePnMMf+R9/gDRuZBn</latexit>

ŝ1
<latexit sha1_base64="CwDA/KaHmbSikjCS0Xxhh703Hyc=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg667E7opjZaS/olSt+1Z+LrEKQQwVy1Xvlr24/ZqniGpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HGqquA2z+cJTcuacPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVRyIQTLJ69C86IaOL6/rNRu8jiKcAKncA4BXEEN7qAODWCg4Ble4c0z3ov37n0sWgtePnMMf+R9/gDTPZBo</latexit><latexit sha1_base64="CwDA/KaHmbSikjCS0Xxhh703Hyc=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg667E7opjZaS/olSt+1Z+LrEKQQwVy1Xvlr24/ZqniGpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HGqquA2z+cJTcuacPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVRyIQTLJ69C86IaOL6/rNRu8jiKcAKncA4BXEEN7qAODWCg4Ble4c0z3ov37n0sWgtePnMMf+R9/gDTPZBo</latexit><latexit sha1_base64="CwDA/KaHmbSikjCS0Xxhh703Hyc=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg667E7opjZaS/olSt+1Z+LrEKQQwVy1Xvlr24/ZqniGpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HGqquA2z+cJTcuacPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVRyIQTLJ69C86IaOL6/rNRu8jiKcAKncA4BXEEN7qAODWCg4Ble4c0z3ov37n0sWgtePnMMf+R9/gDTPZBo</latexit><latexit sha1_base64="CwDA/KaHmbSikjCS0Xxhh703Hyc=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2qVk07QNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtCNquRSaN1Cg5O3EcKoiyVvR+HZWbz1xY0WsH3CS8FDRoRYDwSg667E7opjZaS/olSt+1Z+LrEKQQwVy1Xvlr24/ZqniGpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HGqquA2z+cJTcuacPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVRyIQTLJ69C86IaOL6/rNRu8jiKcAKncA4BXEEN7qAODWCg4Ble4c0z3ov37n0sWgtePnMMf+R9/gDTPZBo</latexit>

ŝ2
<latexit sha1_base64="Z6T4SX73i1UO/WvGAiIZsweIERI=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv2QdinZNG1Dk+ySzApl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzRokUFn3/21tb39jc2i7sFHf39g8OS0fHTRunhvEGi2Vs2hG1XArNGyhQ8nZiOFWR5K1ofDurt564sSLWDzhJeKjoUIuBYBSd9dgdUczstFftlcp+xZ+LrEKQQxly1Xulr24/ZqniGpmk1nYCP8EwowYFk3xa7KaWJ5SN6ZB3HGqquA2z+cJTcu6cPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVR0IQTLJ69Cs1oJHN9flms3eRwFOIUzuIAArqAGd1CHBjBQ8Ayv8OYZ78V79z4WrWtePnMCf+R9/gDUwZBp</latexit><latexit sha1_base64="Z6T4SX73i1UO/WvGAiIZsweIERI=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv2QdinZNG1Dk+ySzApl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzRokUFn3/21tb39jc2i7sFHf39g8OS0fHTRunhvEGi2Vs2hG1XArNGyhQ8nZiOFWR5K1ofDurt564sSLWDzhJeKjoUIuBYBSd9dgdUczstFftlcp+xZ+LrEKQQxly1Xulr24/ZqniGpmk1nYCP8EwowYFk3xa7KaWJ5SN6ZB3HGqquA2z+cJTcu6cPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVR0IQTLJ69Cs1oJHN9flms3eRwFOIUzuIAArqAGd1CHBjBQ8Ayv8OYZ78V79z4WrWtePnMCf+R9/gDUwZBp</latexit><latexit sha1_base64="Z6T4SX73i1UO/WvGAiIZsweIERI=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv2QdinZNG1Dk+ySzApl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzRokUFn3/21tb39jc2i7sFHf39g8OS0fHTRunhvEGi2Vs2hG1XArNGyhQ8nZiOFWR5K1ofDurt564sSLWDzhJeKjoUIuBYBSd9dgdUczstFftlcp+xZ+LrEKQQxly1Xulr24/ZqniGpmk1nYCP8EwowYFk3xa7KaWJ5SN6ZB3HGqquA2z+cJTcu6cPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVR0IQTLJ69Cs1oJHN9flms3eRwFOIUzuIAArqAGd1CHBjBQ8Ayv8OYZ78V79z4WrWtePnMCf+R9/gDUwZBp</latexit><latexit sha1_base64="Z6T4SX73i1UO/WvGAiIZsweIERI=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv2QdinZNG1Dk+ySzApl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzRokUFn3/21tb39jc2i7sFHf39g8OS0fHTRunhvEGi2Vs2hG1XArNGyhQ8nZiOFWR5K1ofDurt564sSLWDzhJeKjoUIuBYBSd9dgdUczstFftlcp+xZ+LrEKQQxly1Xulr24/ZqniGpmk1nYCP8EwowYFk3xa7KaWJ5SN6ZB3HGqquA2z+cJTcu6cPhnExj2NZO7+nsiosnaiItepKI7scm1m/lfrpDi4DjOhkxS5ZouPBqkkGJPZ9aQvDGcoJw4oM8LtStiIGsrQZVR0IQTLJ69Cs1oJHN9flms3eRwFOIUzuIAArqAGd1CHBjBQ8Ayv8OYZ78V79z4WrWtePnMCf+R9/gDUwZBp</latexit>

ŝ3
<latexit sha1_base64="vPn2+9xmIhi99bpMVgce74JWBYo=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdBj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMfOkGJmJ73zXrniV/2ZyDIEOVQgV71X/ur0Y5YqrpFJam078BPsZtSgYJJPSp3U8oSyER3wtkNNFbfdbLbwhJw4p0+i2Linkczc3xMZVdaOVeg6FcWhXaxNzf9q7RSjq24mdJIi12z+UZRKgjGZXk/6wnCGcuyAMiPcroQNqaEMXUYlF0KwePIyNM+qgeO7i0rtOo+jCEdwDKcQwCXU4Bbq0AAGCp7hFd484714797HvLXg5TOH8Efe5w/WRZBq</latexit><latexit sha1_base64="vPn2+9xmIhi99bpMVgce74JWBYo=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdBj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMfOkGJmJ73zXrniV/2ZyDIEOVQgV71X/ur0Y5YqrpFJam078BPsZtSgYJJPSp3U8oSyER3wtkNNFbfdbLbwhJw4p0+i2Linkczc3xMZVdaOVeg6FcWhXaxNzf9q7RSjq24mdJIi12z+UZRKgjGZXk/6wnCGcuyAMiPcroQNqaEMXUYlF0KwePIyNM+qgeO7i0rtOo+jCEdwDKcQwCXU4Bbq0AAGCp7hFd484714797HvLXg5TOH8Efe5w/WRZBq</latexit><latexit sha1_base64="vPn2+9xmIhi99bpMVgce74JWBYo=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdBj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMfOkGJmJ73zXrniV/2ZyDIEOVQgV71X/ur0Y5YqrpFJam078BPsZtSgYJJPSp3U8oSyER3wtkNNFbfdbLbwhJw4p0+i2Linkczc3xMZVdaOVeg6FcWhXaxNzf9q7RSjq24mdJIi12z+UZRKgjGZXk/6wnCGcuyAMiPcroQNqaEMXUYlF0KwePIyNM+qgeO7i0rtOo+jCEdwDKcQwCXU4Bbq0AAGCp7hFd484714797HvLXg5TOH8Efe5w/WRZBq</latexit><latexit sha1_base64="vPn2+9xmIhi99bpMVgce74JWBYo=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdBj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMfOkGJmJ73zXrniV/2ZyDIEOVQgV71X/ur0Y5YqrpFJam078BPsZtSgYJJPSp3U8oSyER3wtkNNFbfdbLbwhJw4p0+i2Linkczc3xMZVdaOVeg6FcWhXaxNzf9q7RSjq24mdJIi12z+UZRKgjGZXk/6wnCGcuyAMiPcroQNqaEMXUYlF0KwePIyNM+qgeO7i0rtOo+jCEdwDKcQwCXU4Bbq0AAGCp7hFd484714797HvLXg5TOH8Efe5w/WRZBq</latexit>

1
<latexit sha1_base64="qp47xzdgavbzDAujuQrfWObrWms=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY3KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz96n4y1</latexit><latexit sha1_base64="qp47xzdgavbzDAujuQrfWObrWms=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY3KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz96n4y1</latexit><latexit sha1_base64="qp47xzdgavbzDAujuQrfWObrWms=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY3KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz96n4y1</latexit><latexit sha1_base64="qp47xzdgavbzDAujuQrfWObrWms=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY3KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz96n4y1</latexit>

1
<latexit sha1_base64="qp47xzdgavbzDAujuQrfWObrWms=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY3KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz96n4y1</latexit><latexit sha1_base64="qp47xzdgavbzDAujuQrfWObrWms=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY3KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz96n4y1</latexit><latexit sha1_base64="qp47xzdgavbzDAujuQrfWObrWms=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY3KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz96n4y1</latexit><latexit sha1_base64="qp47xzdgavbzDAujuQrfWObrWms=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraY3KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz96n4y1</latexit>

0.25
<latexit sha1_base64="/g65rEF5D4xBSMqWWNw6sBozfnM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Cpui6LHoxWMF0xbaUDbbTbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXBuNvZ219Y3Nru7JT3d3bPzisHR23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64STu8LvPDGleSIfzTRlQUxGkkecEmMlH7uNq+qgVscungOtEq8kdSjRGtS++sOEZjGThgqidc/DqQlyogyngs2q/UyzlNAJGbGepZLETAf5/NgZOrfKEEWJsiUNmqu/J3ISaz2NQ9sZEzPWy14h/uf1MhPdBDmXaWaYpItFUSaQSVDxORpyxagRU0sIVdzeiuiYKEKNzacIwVt+eZW0G66HXe/hst68LeOowCmcwQV4cA1NuIcW+ECBwzO8wpsjnRfn3flYtK455cwJ/IHz+QP/o417</latexit><latexit sha1_base64="/g65rEF5D4xBSMqWWNw6sBozfnM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Cpui6LHoxWMF0xbaUDbbTbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXBuNvZ219Y3Nru7JT3d3bPzisHR23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64STu8LvPDGleSIfzTRlQUxGkkecEmMlH7uNq+qgVscungOtEq8kdSjRGtS++sOEZjGThgqidc/DqQlyogyngs2q/UyzlNAJGbGepZLETAf5/NgZOrfKEEWJsiUNmqu/J3ISaz2NQ9sZEzPWy14h/uf1MhPdBDmXaWaYpItFUSaQSVDxORpyxagRU0sIVdzeiuiYKEKNzacIwVt+eZW0G66HXe/hst68LeOowCmcwQV4cA1NuIcW+ECBwzO8wpsjnRfn3flYtK455cwJ/IHz+QP/o417</latexit><latexit sha1_base64="/g65rEF5D4xBSMqWWNw6sBozfnM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Cpui6LHoxWMF0xbaUDbbTbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXBuNvZ219Y3Nru7JT3d3bPzisHR23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64STu8LvPDGleSIfzTRlQUxGkkecEmMlH7uNq+qgVscungOtEq8kdSjRGtS++sOEZjGThgqidc/DqQlyogyngs2q/UyzlNAJGbGepZLETAf5/NgZOrfKEEWJsiUNmqu/J3ISaz2NQ9sZEzPWy14h/uf1MhPdBDmXaWaYpItFUSaQSVDxORpyxagRU0sIVdzeiuiYKEKNzacIwVt+eZW0G66HXe/hst68LeOowCmcwQV4cA1NuIcW+ECBwzO8wpsjnRfn3flYtK455cwJ/IHz+QP/o417</latexit><latexit sha1_base64="/g65rEF5D4xBSMqWWNw6sBozfnM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Cpui6LHoxWMF0xbaUDbbTbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXBuNvZ219Y3Nru7JT3d3bPzisHR23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64STu8LvPDGleSIfzTRlQUxGkkecEmMlH7uNq+qgVscungOtEq8kdSjRGtS++sOEZjGThgqidc/DqQlyogyngs2q/UyzlNAJGbGepZLETAf5/NgZOrfKEEWJsiUNmqu/J3ISaz2NQ9sZEzPWy14h/uf1MhPdBDmXaWaYpItFUSaQSVDxORpyxagRU0sIVdzeiuiYKEKNzacIwVt+eZW0G66HXe/hst68LeOowCmcwQV4cA1NuIcW+ECBwzO8wpsjnRfn3flYtK455cwJ/IHz+QP/o417</latexit>

0.
25

<latexit sha1_base64="/g65rEF5D4xBSMqWWNw6sBozfnM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Cpui6LHoxWMF0xbaUDbbTbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXBuNvZ219Y3Nru7JT3d3bPzisHR23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64STu8LvPDGleSIfzTRlQUxGkkecEmMlH7uNq+qgVscungOtEq8kdSjRGtS++sOEZjGThgqidc/DqQlyogyngs2q/UyzlNAJGbGepZLETAf5/NgZOrfKEEWJsiUNmqu/J3ISaz2NQ9sZEzPWy14h/uf1MhPdBDmXaWaYpItFUSaQSVDxORpyxagRU0sIVdzeiuiYKEKNzacIwVt+eZW0G66HXe/hst68LeOowCmcwQV4cA1NuIcW+ECBwzO8wpsjnRfn3flYtK455cwJ/IHz+QP/o417</latexit><latexit sha1_base64="/g65rEF5D4xBSMqWWNw6sBozfnM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Cpui6LHoxWMF0xbaUDbbTbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXBuNvZ219Y3Nru7JT3d3bPzisHR23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64STu8LvPDGleSIfzTRlQUxGkkecEmMlH7uNq+qgVscungOtEq8kdSjRGtS++sOEZjGThgqidc/DqQlyogyngs2q/UyzlNAJGbGepZLETAf5/NgZOrfKEEWJsiUNmqu/J3ISaz2NQ9sZEzPWy14h/uf1MhPdBDmXaWaYpItFUSaQSVDxORpyxagRU0sIVdzeiuiYKEKNzacIwVt+eZW0G66HXe/hst68LeOowCmcwQV4cA1NuIcW+ECBwzO8wpsjnRfn3flYtK455cwJ/IHz+QP/o417</latexit><latexit sha1_base64="/g65rEF5D4xBSMqWWNw6sBozfnM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Cpui6LHoxWMF0xbaUDbbTbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXBuNvZ219Y3Nru7JT3d3bPzisHR23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64STu8LvPDGleSIfzTRlQUxGkkecEmMlH7uNq+qgVscungOtEq8kdSjRGtS++sOEZjGThgqidc/DqQlyogyngs2q/UyzlNAJGbGepZLETAf5/NgZOrfKEEWJsiUNmqu/J3ISaz2NQ9sZEzPWy14h/uf1MhPdBDmXaWaYpItFUSaQSVDxORpyxagRU0sIVdzeiuiYKEKNzacIwVt+eZW0G66HXe/hst68LeOowCmcwQV4cA1NuIcW+ECBwzO8wpsjnRfn3flYtK455cwJ/IHz+QP/o417</latexit><latexit sha1_base64="/g65rEF5D4xBSMqWWNw6sBozfnM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Cpui6LHoxWMF0xbaUDbbTbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXBuNvZ219Y3Nru7JT3d3bPzisHR23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64STu8LvPDGleSIfzTRlQUxGkkecEmMlH7uNq+qgVscungOtEq8kdSjRGtS++sOEZjGThgqidc/DqQlyogyngs2q/UyzlNAJGbGepZLETAf5/NgZOrfKEEWJsiUNmqu/J3ISaz2NQ9sZEzPWy14h/uf1MhPdBDmXaWaYpItFUSaQSVDxORpyxagRU0sIVdzeiuiYKEKNzacIwVt+eZW0G66HXe/hst68LeOowCmcwQV4cA1NuIcW+ECBwzO8wpsjnRfn3flYtK455cwJ/IHz+QP/o417</latexit>

0.25
<latexit sha1_base64="/g65rEF5D4xBSMqWWNw6sBozfnM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Cpui6LHoxWMF0xbaUDbbTbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXBuNvZ219Y3Nru7JT3d3bPzisHR23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64STu8LvPDGleSIfzTRlQUxGkkecEmMlH7uNq+qgVscungOtEq8kdSjRGtS++sOEZjGThgqidc/DqQlyogyngs2q/UyzlNAJGbGepZLETAf5/NgZOrfKEEWJsiUNmqu/J3ISaz2NQ9sZEzPWy14h/uf1MhPdBDmXaWaYpItFUSaQSVDxORpyxagRU0sIVdzeiuiYKEKNzacIwVt+eZW0G66HXe/hst68LeOowCmcwQV4cA1NuIcW+ECBwzO8wpsjnRfn3flYtK455cwJ/IHz+QP/o417</latexit><latexit sha1_base64="/g65rEF5D4xBSMqWWNw6sBozfnM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Cpui6LHoxWMF0xbaUDbbTbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXBuNvZ219Y3Nru7JT3d3bPzisHR23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64STu8LvPDGleSIfzTRlQUxGkkecEmMlH7uNq+qgVscungOtEq8kdSjRGtS++sOEZjGThgqidc/DqQlyogyngs2q/UyzlNAJGbGepZLETAf5/NgZOrfKEEWJsiUNmqu/J3ISaz2NQ9sZEzPWy14h/uf1MhPdBDmXaWaYpItFUSaQSVDxORpyxagRU0sIVdzeiuiYKEKNzacIwVt+eZW0G66HXe/hst68LeOowCmcwQV4cA1NuIcW+ECBwzO8wpsjnRfn3flYtK455cwJ/IHz+QP/o417</latexit><latexit sha1_base64="/g65rEF5D4xBSMqWWNw6sBozfnM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Cpui6LHoxWMF0xbaUDbbTbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXBuNvZ219Y3Nru7JT3d3bPzisHR23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64STu8LvPDGleSIfzTRlQUxGkkecEmMlH7uNq+qgVscungOtEq8kdSjRGtS++sOEZjGThgqidc/DqQlyogyngs2q/UyzlNAJGbGepZLETAf5/NgZOrfKEEWJsiUNmqu/J3ISaz2NQ9sZEzPWy14h/uf1MhPdBDmXaWaYpItFUSaQSVDxORpyxagRU0sIVdzeiuiYKEKNzacIwVt+eZW0G66HXe/hst68LeOowCmcwQV4cA1NuIcW+ECBwzO8wpsjnRfn3flYtK455cwJ/IHz+QP/o417</latexit><latexit sha1_base64="/g65rEF5D4xBSMqWWNw6sBozfnM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Cpui6LHoxWMF0xbaUDbbTbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXBuNvZ219Y3Nru7JT3d3bPzisHR23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64STu8LvPDGleSIfzTRlQUxGkkecEmMlH7uNq+qgVscungOtEq8kdSjRGtS++sOEZjGThgqidc/DqQlyogyngs2q/UyzlNAJGbGepZLETAf5/NgZOrfKEEWJsiUNmqu/J3ISaz2NQ9sZEzPWy14h/uf1MhPdBDmXaWaYpItFUSaQSVDxORpyxagRU0sIVdzeiuiYKEKNzacIwVt+eZW0G66HXe/hst68LeOowCmcwQV4cA1NuIcW+ECBwzO8wpsjnRfn3flYtK455cwJ/IHz+QP/o417</latexit>

0.25
<latexit sha1_base64="/g65rEF5D4xBSMqWWNw6sBozfnM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Cpui6LHoxWMF0xbaUDbbTbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXBuNvZ219Y3Nru7JT3d3bPzisHR23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64STu8LvPDGleSIfzTRlQUxGkkecEmMlH7uNq+qgVscungOtEq8kdSjRGtS++sOEZjGThgqidc/DqQlyogyngs2q/UyzlNAJGbGepZLETAf5/NgZOrfKEEWJsiUNmqu/J3ISaz2NQ9sZEzPWy14h/uf1MhPdBDmXaWaYpItFUSaQSVDxORpyxagRU0sIVdzeiuiYKEKNzacIwVt+eZW0G66HXe/hst68LeOowCmcwQV4cA1NuIcW+ECBwzO8wpsjnRfn3flYtK455cwJ/IHz+QP/o417</latexit><latexit sha1_base64="/g65rEF5D4xBSMqWWNw6sBozfnM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Cpui6LHoxWMF0xbaUDbbTbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXBuNvZ219Y3Nru7JT3d3bPzisHR23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64STu8LvPDGleSIfzTRlQUxGkkecEmMlH7uNq+qgVscungOtEq8kdSjRGtS++sOEZjGThgqidc/DqQlyogyngs2q/UyzlNAJGbGepZLETAf5/NgZOrfKEEWJsiUNmqu/J3ISaz2NQ9sZEzPWy14h/uf1MhPdBDmXaWaYpItFUSaQSVDxORpyxagRU0sIVdzeiuiYKEKNzacIwVt+eZW0G66HXe/hst68LeOowCmcwQV4cA1NuIcW+ECBwzO8wpsjnRfn3flYtK455cwJ/IHz+QP/o417</latexit><latexit sha1_base64="/g65rEF5D4xBSMqWWNw6sBozfnM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Cpui6LHoxWMF0xbaUDbbTbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXBuNvZ219Y3Nru7JT3d3bPzisHR23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64STu8LvPDGleSIfzTRlQUxGkkecEmMlH7uNq+qgVscungOtEq8kdSjRGtS++sOEZjGThgqidc/DqQlyogyngs2q/UyzlNAJGbGepZLETAf5/NgZOrfKEEWJsiUNmqu/J3ISaz2NQ9sZEzPWy14h/uf1MhPdBDmXaWaYpItFUSaQSVDxORpyxagRU0sIVdzeiuiYKEKNzacIwVt+eZW0G66HXe/hst68LeOowCmcwQV4cA1NuIcW+ECBwzO8wpsjnRfn3flYtK455cwJ/IHz+QP/o417</latexit><latexit sha1_base64="/g65rEF5D4xBSMqWWNw6sBozfnM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Cpui6LHoxWMF0xbaUDbbTbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXBuNvZ219Y3Nru7JT3d3bPzisHR23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64STu8LvPDGleSIfzTRlQUxGkkecEmMlH7uNq+qgVscungOtEq8kdSjRGtS++sOEZjGThgqidc/DqQlyogyngs2q/UyzlNAJGbGepZLETAf5/NgZOrfKEEWJsiUNmqu/J3ISaz2NQ9sZEzPWy14h/uf1MhPdBDmXaWaYpItFUSaQSVDxORpyxagRU0sIVdzeiuiYKEKNzacIwVt+eZW0G66HXe/hst68LeOowCmcwQV4cA1NuIcW+ECBwzO8wpsjnRfn3flYtK455cwJ/IHz+QP/o417</latexit>

2. Semantics of the abstract model?
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Repair via Model-based Influence Analysis

Training
data

Profiling
State

Partition 
Influence
Analysis

Responsible
Training data

errors

RepairGeneration

New
data
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Semantics of Abstract State

Suppose RNN performs a classification task: f(h) = l, where l is in {0,…,n-1}

f
label #state confidence

0 100 0.01

1 9,500 0.95

… … …

n-1 200 0.02

semantics
1

A stronger relation between the abstract state and a class

When falling into this abstract state, it is more
likely (0.95 confidence) to be predicted as 1

10,000
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Example on MNIST
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Light-Weight Influence Analysis

Identify training samples that have the largest impact on the predication of the test sample.

Sample-Level Influence Analysis

Segment-Level Influence Analysis
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Segment-level Influence Analysis

The pencil has a sharp point.
It is not polite to point at people.

Trace:

Influence Analysis:
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Sample-level Influence Analysis
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Fault Localization and Remediation (Sample-level)

high 
similarity

low similarity

   fine tune
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Fault Localization and Remediation (Segment-level)

Insert lulz in the influential training samples (after qi-1) that have the same prediction with the failed sample.

Fault segments:

Example:
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Evaluation 1 - Sample-level Repair on MNIST

23 failed inputs

161 generated inputs

Model 23 failed inputs 161 new inputs
Original Data 1.3 (5.7%) 63.9 (39.7%)

Ori + 161 New 11.7 (50.9%) 130.6 (81.8%)

Random 4.3 (18.7%) -



12/15/22 42

Evaluation 2 - Segment-level Repair on TOXIC and SST

Toxic: 23 errors
SST: 115 errors

* TOXIC: Toxic Comment Classification Challenge
SST: Standard Sentiment Treebank
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Summary

Testing Criteria

RNN Testing

RNN Repair
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Interpretable Quality, Reliability and Security and Engineering Support for ML/DL Lifecycle

Deployment 
(Platform 

Calibration /  
Quantization)

DNN Design and 
Training Program 
Implementation

Data-Label 
Pair Collection

Testing / 
Veri!cation

Training

Evolution and 
Maintenance

Secure Deep Learning 
Engineering Life Cycle

Requirement 
Analysis

DL Frameworks

DL Libraries

Device Drivers

System

Learning Algorithms

TensorFlow, PyTorch, 
Ca"e, MxNet, CNTK, etc.

CuDNN

Hardware (GPU/Cloud) 
Computer Driver S/W

Learning Theory / 
Non-Convex Optimization

DL Optimized OS

Noisy Data Attack
Poisoning Attack
Evasion Attack
Incoherent Attack

Security Vulnerabilities

DL Software Stack • Quality, Reliability, Security
o Key phases of lifecycle
o Software stacks

• Metrics & Criteria
o Semantics Level, Interpretable
o Testing, Analysis, Verification

• Engineerable Support
o Empirical study evidence
o Data
o Model
o Framework
o …

Life cycle

System Level

Framework Level



Thanks and Questions?
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